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i mm i ] y'j zymmvffifoz tit^m 1 mm 

b , mIBIS 1 WLLfcRJEBi & MK1Kt6 UM§ fut 

•ZkS-^A^lMkfli, Ta 2 0 5 , B ST, SrTi 
O s , PbTiO a , PZT, PLZT, Y 2 0 3 , CeO 
2 , Nbj0 5 , Ti0 2 , Zr0 2 , Hf0 2 , Si0 2 , 
S i N&£VS i 3 N 4 *»ft=5r5»J: 9aiSl3*iS 1 

u 2 jjLhi o i t mm t timm 1 
[ Msg 3 ] iu ten 2 mffiii&sii, iSiifrs&KJifc 

2J2LJbJ: l 5j£$a\ i^iHuie^U^y^^j; Oft* 

[fiM4 ] fiie^TOiA 1 , Ni, Co, Cu, 
Mo, Rh, Pd, Sn, Au, Pt, RuMtXlr 

i, TiN, TiAIN, TaN, TiSiN, WN, 
WB N , C o S i *j JtfWj&nb&fcS J; OaHRSfitjS 
0, Bfrie^«ttSS-fl^{i:Ru0 2 , Rh0 2 fcj;tfl rO 

[ 5 ] Brians 1 «ffi±ttuiam 1 vase&mi 
m^m^tix^^zbmmbtmmi-4^ 

*»i3atcie«<o^f*cs^„ 

i mm i o ] tufe±gism©2:£ji)g, &m&&mm 
&£vwmamLmfrt>%&m mmtiz 1 1, t< 



mm 9 izimn^mtm?. 

CiB*^ll] Bul2Tgi5€feJi(:WieTgl5«®<7)^E 

mmfcz&xmimmfcm<7)mf8.m%izti%%. 
<mm&ztixit&zb*i(mb-thn$m9itti 

[is^Ji 1 2 ] ffressgftRUi/u 3 yinui, * y 

mm 1 1 KiE»0¥#fl*F . 
immi 3] Bufeis«fr)Hiis^«i*ffi{cj; 

[fiii<ifli4] mm=f-mmMmi^y^-i l zKm 
#xb^- isyftfx b wmmmzumxhiz t 
inmbtmmi3^zmm^mwm^. 

mmi 5] isVayWSLb. ffili'V-aymUL 

izBumzmx&teLT&f&ztiti'ir- hmmmb , m 
my- hmmm±^zm^ixtzmB^ y a>»«j: ^ft 
w«fcw*s c^- h«st mmb 

i mm i6] fftay- h sit^js 

<{4213LhJ:0J«l>*\ ifctt^U3>-ifi«j»J:0tt* 
KBR**** v^MrKt ^ttft*i F - tiXX V > 

vzymbmim&ztifczmmbzzbzmb 
[ff^ia 1 7 ] mria J-- u 3 ys«±t sifta^ u 3 

%izt^mmm$L%ixx%hz\bmwLbirm 
mi 5±t:\*i ^zim^^mm^. 
i mm 1 8 ] mzzmmiz ^ u 3 ysibii , ^ u 

3 y M-fbflg XJi -r it ^ nmiii&X' h tzbtmLb-tl 

mmnizmsKo^mm?. 

<omtfLZtiKmhtz bzw&bt immi 5-1 
8 <ov 1 miz§m<&mftm=? . 

Clf*«2 0 ] HufSJii^Sl»£li^yA-K£jss 

#x IK-*?*?** b ^mmm-h-mx'bhzb 
[ mm 2 1 ] «Lht= ^ y 3 y*»rc«js 

1 TO^m-tSKBi: , WBSH 1 WLhfc. 
K«ttS:W»:^fC^«^S:^-f hfUSb , file 

vimmt&jz* ^w.2mmmmh?mb z$ 
i mm 2 2 ] mmmfcmi nv s ak^^ , 

r;l^S-^A7j<Ktt, Ta 2 0 5 , B ST, SrTiO 
3 , Pb'Ti0 3 , PZT, PLZT, Y 2 0 3 , Ce 
0 2 , Nb 2 0 5 , Ti0 2 , Zr0 2 , Hf0 2 , Si 

o 2 , S iNfeitXS i 8 N«j&»&$r**J:0*R3*U' 
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tsximmmfu&tthmx vmmtih 1 1 l< 

ti 2 &±X 0 Ah A\ t tzlt is y 3 i o 
a*** fc*fWfc wbw 1 h - ey^SfifciKy ^ y 

1.18*312 1 *fctt2 2fcKtt«>^f*;* : fO«Jt;fr 

ft. 

[ff#Jf 24 ] BUffi&JSBItiA I.Ni.Co.C 
Mo, Rh, PcL Sn, Au, Pt, RutJj;^ 

i rfrhtchm vwRZtixtSM . msmti&MR 

«Ti. TiN, TiAIN, TaN, TiSiN, W 

n, wbn. c o s i hxtrwfrbZhU* mmti 

T^9. H»miHLJIJiRu0 2 . Rh0 2 fcj:tf I 

i mm 2 5 ] iff em i %mmm t mm. m a 
$2bi,z&m-hztz¥mt-thm$m2 1-240 
umm2 6] m^^mt^jziymm. >-y 

[»*JS2 7 ] mfiatsm^isjijs^^at «t m 

#Ak>i- itv-rux t m&m&-thmx'h hzb 
m. 

1 tmm 2 9 1 mmmwmmm- h mm. ®s* 
amz-t&z t fmttz>m$m2 1 -2 s wvfti 
j6» 1 mztm^mwm^mmim. 

&zixtz*vrti'?coT&mmBtft?hmk. me. 

axvmmmitm^zhm vmmztih ilk 
ti 2 j2Ltc*4*». * v y 3 ysmr i 0 mm. 

if^js 3 0 iztim^mwmT^mmum. 
i mm 3 2 ] miTunmzmm- h mm. mi 
T&mm±izmiT%mm$iwm*&fcZitxmim 
%wm<r>mm:^z^h^\mmmh z t 



wik-thnxm 3 0 twi 3 1 Kiei&<A¥isft*?<os8 

[it** 3 3 1 msss&mt^j 3 >«m v y 
oymimxiiztih^^mx'hhztimti-h 
m$m3 2 izimco*mm?v>mim. 

fcthz t wmttmxm 0^3 3 n^fta? 1 

t n ** 3 5 ] it£ff?ffii*3&i:?-* y a*- icrjb 

mz-thztzmibthmm 0-3 5<^^f*i 

[ff*JS3 7 ] yy3>itiC> K£ft$Jt(&&& 

finely 3 ya^j: ott*isBS^# ^y- h« 
s*»*-r ssBk **tti t * mLtirhtmftmi- 

mxm 8 ] mzy- bmmn&m®. ssi^^js 

<{42jy±T-*6*\ ttziiisv 3>mmz*)itvm 

hm$m 7iz3eme>^#m?(?Mmi5m. 
im&3 9 ] mi?- btmmmm-hmiz. m 
&is o 3 >mfcm*mtzitxmiy- hmmm 
tfizmizthmmmtfLth z t mm-thm 
*« 3 7 1 fctt 3 8 fciBa^^flc^asam 
[ ii*«4 o ] isia^kifijiy y 3 y^tM. v y 

[if *Ji4 1 ] Mtey- himmm^mmmmzj: 
m&thzt zmittmsm 7-4 ow^fii 

[if*ia4 2 ] may- vm.mmmhmmk. 
M&mk^hzb*mkb-$-hmim3T^4 

[000 1] 

mb ixmmtm. mmmm (mm^m^mm 
JR) o*fe^ : t^4^r&]±$-trf#i,^i^^t/-eoSjt 

[0002] 
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m (y- h fetus ) w±Mw*wm*%fctr- v 

[ o o o 3 } k z hx\ mirnvMb rmmmt com 
^■m.-fumwm<nmm^mmzmmxh^. m 

o^mmifc < x mmm<n>wmMi?&\ vm*****/ 

iSV^y^UHfcffi! (Ta 2 O s ) ^>BSTH (BaSr 

t i o 3 ) immmt ixmm-tiimt>m^t>tix 

U6»U fyfAWm (Ta 2 0 5 ) -^BSTM 

( b a s r t i o 3 ) t ^tMmmz&m&% 

Sizte , U: * ^y ? *»4 fc*>fcf£DB* iHO 
3y£mffikLTffifflU *y*;H8Hfc|R£S«flslRk 

Lr^ffl-r i> k , sku s^u a yrnnk mmtrnt <r>^m 

izis y a ymOAiffli&&ti**rtis9 yxt^T^fh 
|8]H#fc»K XV isVayimkbLXmiL. B ST 

[0005] zzx\ mk(?>i>cD<,zitKx x ymtitzm 
ffl^ztt-z^mfcrnTtfiZfrtztLx^t:. mm. 

*+'iis?MUt.tzts\ivi:7if\) yy 3yj&&k*?>y y 3y 

[0006] 

y%wnzT%mmt ixmmtm. mmmm^m 

mimzfttzitnhimfamTmmi-hztizh 

*>. 

i oo o 7 3 *%wnm?>mifflm%mii*mft 
*&>w&jm&mti z k tft*. 

[0008] 

S&lSffik, f«e»l«flLht:Ri6ft*)|R>:fltt&LT» 
JfiSfifcRUfWRk, l5IE»«fWR±fc:»«S^, 1? 
ley 'J n yaMMfTHlfiS^gS 1 mffiJ: 0 tMWSM* 
*S^S52trak£-£tr. ±U9.mmiT%nm£io 
itmmm^ ^mmmxmmtiz tizx^o. im# 

^•y?yxil£«#>4>*i.s 0 
[0009] i^ESWftKtir^s-^Aigfkift, 



Ta 2 0 6l B ST, SrTi0 3 , 
PbTiO s . PZT, PLZT, Y 2 0 3 , Ce0 2 , N 
b 2 0 6 , Ti0 2 , Zr0 2 , Hf0 2 , Si0 2 , SiN 

[0010] ftiB$2%ffitt&MR. fflK£&gK£ J: 

v ^ jtn t f - 1 y ^Sfifctf y y y 
3 yjgt #JI&iBj£3*ufczSRT*s C k L 

[0011] fi|IB£JS§UiA 1 , N i \ Co, Cu, M 

0, Rh, Pd, Sn, Au, Pt, Ru&XVl rfr 

t>%z>M£*)miRztixtfz<9. vssm^kKmtT 

1, TiN, TiAIN, TaN, TiSiN, WN. 

wbn, coSi&xxFNfr^&mxmmtixfS. 

9, «TiE»*ttlMUR{iRuO,. Rh0 2 fcJ:tfI rO 

zfrbKmxmtRztixtfL&zbtfmbw 
[0012] mim i mtfcuOTesB 1 mmvmwzm 
ymit^xmmmwmmm^mizi-i^mm 

[0013] tuiE^tllliv y 3 y||-ftlg N yijay 

s-fi^xi± ^ ti h <r>WL^mx'h h zkiwt u>. 

[0014] fSIBaS^WRJiffi^l^BFitt «t WSJ 

[0015] msmTrnffltmi** y<-izEm*fx 

[0016] mstifcy'Jnyl 

mt. msmztMSLUz^ m&i'Oiy&wgtx-m&is 
tusm i mmx voimm&k* ^2w&^mmi 

[0017] mmmwmii7)i>$-*7J±mm. 7>i 

^-^A^mitm. Ta 2 0 5 , B ST, SrTiOa, 
PbTi0 3 , PZT, PLZT, Y 2 0 3 , Ce0 2 , N 
b 2 0 6 , Ti0 2 , Zr0 2 , Hf 0 2 , Si0 2 , SiN 

[0018] mmm2mmamm. mm&mm&i 
vmzimimfr mmztiz 1 1 l<{±2 

*z \> -^mm k ^i*ift*< h - 1 y x§iut y ^ y 3 y 

[0019] mi£mmtA l,Ni,Co,Cu,M 

0, Rh, Pd, Sn, Au, Pt, RufcilH rfr 

i>%z®£*)mmtixtizt), mssm^mmiT 

1, TiN, TiAIN, TaN, TiSiN, WN, 

WBN, CoS nsxx/w^^mxmtR^iixfS, 
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0, fiNEOTttlMURttRuO,, Rh0 2 fcJ:tf I rO 

[0020] tutes i mgsrjgj^tsgpg^, lute® i 
[002 1 ] fne^ftiitis/ u n vlHtffiL ^ u a y 

[ 0 0 2 2 ] HuieiMftJSf4JS?JIiyf j£(c4 r )J&8Li' 

[0023] tmgL=?Mmmi&* y^-izm#x 
[0024] mmmmmmmmk. omm 

1 0 0 2 5 ] Sri*. JMfflfc^^fciWW-* t 

i= (i . fftam i <SRtfni 2 wsutf* wwufjiaw 
itzit. Mie»i«sav*2««i«>y3>'»«ia 

[0026] 

ffiHa51«S±tRiEft*)IBi:«lftLT»j£Sfi 

fc^nttn^ «iE3i«ftffi±tjgjss<ifc, finely 

mzti&tm. isi)3y%um§?Mimmz. y- 
h iettR«nRis»<#iic . y- hMp&rKg 2 m 

[0027] hi i&mntmwm? <n% 1 
m^Ltd&mmx'hh. 

[ 0 0 2 8 ] 0 1 \it&\vC\tt*JWfflt&lSth* 

mwm=FZMt,zmfxmmz.i)\ muzxoizhy 
yisx?%mco^mTizi>mm*jf&%ztiii>-h 
bLx-bh. m 1 ^^mwm^m 1 mmt txmm 
is>jziymfc%t'c?)¥mfamm imz^j^ot 

^<0±aWfi3 9fcSr*tf. BUT", 3 2 141l§]if£li 
[00 2 9] -rtMHSBSttHaSElUfi^OW^ 

[0030] !8mftJl3 7 (iT^miLh 3 3 fcRlBfo* 

mm&hxm&ii. wf-mmmx-mrnhzbtf 



«fls]RSr3^«W-S k # tcti. TMA [Al (C 
H 3 ) 3 ] . Al (CH 3 ) CI, A1C l 3 %b'0)7fr$ 
-*?J*iJ { -£GZtit:Bi.miZ1- J r y^-lz&teLXT^ 
ttXrW^-i/Ufcfl. H 2 0, N 2 0. N0 2 , O&b' 

<r>maix imsLx^m&tfxx-rt- vy?~$h*rA 
?>v*mmim*mx*h. ®=?wmmtLx 

teJS^flxe^j/- (Atom i c Layer E 
P i taxy) s ^^'j7^«HS(c'yc 1 i 
c CVD) . T4iSfiMV¥m*m( digital 

cvd) , A'icvD^«mmff»tti8r« 

v\ iftKi.Oxr y w«u-^*«A*f*:«rft. fan 
*«3 7ttrn'5-j>^i«isft. t^5-«>a*im: 

ft.Ta,0 B> B ST (BaSrTiOj) . SrTi 
0 3s PbTiOj, PZT(PbZr,Ti,. i 0 3 ) , 
PLZT (LaTK-t''yy£;h.£PZT) . Y 2 0 3 , 
Ce0 2 , Nb 2 0 5s Ti0 2 , Zr0 2s Hf0 2 » Si 
O t , SiNfeJtfSijN«a>£fc*SJ:9»RS*l6 
' 1 i fctt 2 J2lb&»fc«JS3*iS - 1 L k ». ' 
[003 1 ] ±gB«®3 9(4^ 'J 3V5R1Mtr«lJfi3*l 

t>%&mz r )mmtiz> 1 «>l< 14212m: oj£*a\ 
w mmza. &mmt ixha k n i , co, c 

Mo, Rh, Pd s Sn, Au, Pt N Ru, Ir 
co&mm. Wi&£M1Ab ixizr i . T i N, T i A 
1N S TaN. Ti S i N, WN, WBN X CoSiX 

itw<n±mm. mm&wtttMbLxiiRuo^ Rho 2 
xt4i ro 2 frt>%mt>mft>tLh. trzzsmbt 
xa. a 1 %b'cr>miz&mm. t i mb'wmtmi 
re {4 r u o , % b'comm^mimbT^m^ h - e y y 

[0032] £«J: d fc±anM3 9i0tt*WSit^, T 
m^m3 3X*)iz^<i-hZbizX*), &3&t&X.olz 

[0033]$ ^>C, *%ty<7)¥®Wm : Flt* J r^? 

<ot$wm3 3±iz.T&n®cr>mwm*&z-£xm 

tzzbtfmiw mm. Buie$^^3 5(4^ 
mmmmzm^xmmwmmtimmz&^x. t 
mmm3 3±.izmk2ti&Bum&m*min<omis. 

[ 0 0 3 4 ] II 2 <4#&0JW3SttS^<OSfl 2 ^HSgJg 
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mz*imwmxh&, 

[oo35] 2 <Dmmmv>*mm?ii b . 

F-t"yy§n^v'j3>*«6 it. imfomt tx 
y-btmmst. m2mmtixy-b^me7t 
mil, 

i o o 3 6 ] m , #*fltf>S 2 ^HJI^<$?)¥«#* 
fliS 1 OSSjSBJBk IHfrf ft fcv>'J3 >M6 1 
T$«ffi 3 3 CWJC U ^- h «S 6 7 *»±«P8fi 3 9 
02T\ «B#-*6 2{i*M* 

F-t°y nmxfo ot, y - xxti k ]✓ - > ffitt * * 
-r. 

[0037]?- h^)i6 5teRJ»£II&tt&-rft 
*£-C'ffM$fu JI^JBMtS-C^iat ft - k * t 

yA-fcRjEtf* k^-vy^^tSrW^ffi^-rft* 
&£fflv>ft£k#.J: , )$f£U\ y-h£giii)i6 5£M 
^JWMKHc J: 0 ffMt-ft i k fc J: 0 . v 7"#^ 
-S^j&«flBf5ritf>k$rft. mlE^'- F^SM6 5fi 
T/WS-^AKftft, T;l/5-?-M<BMISItJ. Ta 
2 Cv B ST N SrTi0 3l PbTiOj, PZT\ P 
LZT, Y 2 0 3 , Ce0 2i Nb 2 0 5 . Ti0 2 „ ZrO 
2s Hf 0 2s Si0 2 , S i NfcitfS i 3 N 4 *>£>3:l> 
»1 OS^Stift 1 £fc«2J2U:«k DffifiJtSixft- k# 

[0038] Btriey- h«se6 7iiv-u ayjMwreai 
-efltj££iift. Miay- h«^6 7«si i vmtmmz 

miii. Al, Ni, Co, Cu, Mo, Rh, Pd, 
Sn s Au, Pt. Ru, I rc^JSH, Ti. Ti 

TiAIN, TaN, TiSiN, WN.WBN. 
CoS i kb<(4WWl«i!&£JiM, Ru0 2s Rh0 2 

xn i r o^mnmftMi* K^zn^com^ti 

9J8ft*\ 4fctt^U3V*««J: OttSHR* 1 :*:*^ 
[0 0 39] ^J:dty-h«ffi6 7#^'j3yffiSl 

6 1 j; Totimmm*** < &*uf . im-th x o t 

3>M6 1 b«ffi6 7's8faift*aE*£*J>$r 

<T'#ftc7)T\ ?- hi^lSbSOii^^ttSrlBLkSii- 
flft. 

[ 0 0 4 .0 3 #?|BJ! Wlftimi^ 'J 3 yffl£6 1 ± 

fcney- MHtK 6 5 m^m^z-t ft t&tfftesg. 
mm. mmmm$3m^mmmm^xtm. 



[004 1 ] jaTCllfHBOflttJ:, ^^fffiB* 

^-rs? 1 wmt&mzmut Lxmmwwmmmz 
\a\Mizmmmmx'Z&. m-h. ^v^s^wTanB* 
mwtmty- bmtfemizti&i. **^**)±« 
[ 0 0 4 2 ] miRvmAte&tm.*.?)** >ws& 

01<D d f-W^:?|i£iift§ ( b a r r i e r heig 

h t ) tmswtzmmizTKLtzmmx'hh. 

[ 0 0 4 3 3 l3(iM*O^^A-v-^PIS 

V^BW#R* 6 ^ 0 AW S^T^S-^Aig-ltliTfiSfig 
(WT, S I S^-Y/^^bWtl ) T'fcft. 

04 aai ^xp-^^>^)PtiMs sat^^ttniBtwU 
ymmmxhtimm^- vyrztuzm ^-y 3 

y)ik L . fflv UreftJRS- 6 0 Aff 5 

WmkfckZ^T-i NflRt«)jtLfc«^ (WT. M 
I S^-v^fcifctft) T'&ft. *^<J5MI S^r-v 
/^(ctJ^TJ±. ±g|5mffi&T i NKk^teHj3a*H- 
tf y^StlfcsKU v'J 3 ^Bmt«S*lfcZfiRTliljt 

^y v y 3 ymz* *) ^mwmT^wmmmh 

Z.tffX'%&. 

[0044] 03 mmA X\ ±.MWMlZiE1)fa<OJU 

rxtfmzztitzm. Tgmmiziffct&mm. tm 
ft. 

[0045] 04cO*HBgco4f -VVyflZ & 

nnfr^xmrti. z<m..T%mmt±.3wmkm 

ittftf&3j£tiDfcft4 5tix&mix. mwFaw 
s*»fe±as«s^«Dh.ft i k *««tft«T, i^mftn 

[0 04 6] ttz. imC^V T7.mE* J EPSD$ 
*ltf, fcJHWtMb,. b 2 fc«tftJB4jiafi3ft«'4 7a. 4 
7 b *«4 1 , «W±»1tfi*»4>T»1Wt^»l6 Ll=< 
<&ft. Wfc, 04O*^BM^^V^c7)lU^M«§ 
b 2 {±. 03^*^ J rA"v^cr)D]Wl^lla$b lt tO 
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7 ax <&s. 
[0047] m5i,mm>s 1 vj^>7rv*%.w 

f yyX'h*). H6(itfcfc<7)S I S*^>Vs9Mf*%. 

[0048] H5£7pLfcj: ? iz-m^^mim^x- 
imx-z zmtimzimfg. 1 e - 7 a/ c m 2 lt* 

W&mm* 1 E - 7 A/e m* V£j@*. |,«ffi*^0 . 
9V*§V\ 

[004 9] Z^Xo^mimAMfme^tTU 
«St ±H5«fiit tcSH-ri. . II 6 T\ X«t 

(4P3§x*;Mr -£^U Yfft{i^Mi«§^*-r„ Jm 
a xte 1 2 , J m i n (4 2 

5°cTcr>m-m$i®&z*i-. msiz^txoiz. ia 

*<0S I S^+A^til . 42eV£^U *ftW) 
MI S**;*S/*tt2. 3 5eV£*t\ 
[00 50] £<A«J:5fca#tf>S I S^r^N^^fc*^ 
HJfcOM I SJf^^^^fctCtiKMft^^'O . 9 3 e V 
f)IB^SS$H(i[14 fcHiJlLfcHEffiSSUb 
lot, #f|BJc7)M I S 

m^mitHi. #SMH<9M I Sdf 
A-Ai^titfcfeOS I S J OBP»»i*a»jrc*50 . 

9vgjg$^cia<i>f'U^-t\ R«#it®Ji3£tt*> 

[0051 ] H7&t^8Ji#**fM)!0>M I S#*^ 
[0 0 52] &flc«fc«. «£E1 . 2Vtf>fc£tf>»h.* 

i e - 7 1 v > o -mmt&mmzKi-fcMz 

T#ft<»5tt, HU&LfcJ: 3tc*IKBWM I S*a>Av? 
[00 5 3]H9Uait*Lfc4f+^5'«BI*fWi 
Vt-j;y^ffi*S;Lfc/57t*D, Hiomi^i 
7T$> 0 . H 1 1 UJFF«K*ifce J: 0 #j* SfufcM* 

ftiicox p s t-- tm^Ltzwmx-h & . 

[0054] *HSS^ST'«4, JWWfcMWtS^Wi 

fMWi*T y - is®mzfetitzi%?mmmmx' 
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